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ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɞɢɧɚɦɢɤɢ ɫɪɟɞɧɢɯ ɞɥɹ ɦɚɪɤɨɜɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɩɪɟɞɟɥɟɧɚ ɫɪɟɞɧɹɹ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬ ɫ ɫɚɦɨɩɨɞɨɛɧɨɣ 
ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚ-
ɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɥɢɫɶ ɩɪɨɫɬɨɢ ɤɨɧɜɟɣɟɪɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɝɪɭɡɨɩɨɬɨɤɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɢɡ ɥɚɜ. 
ɇɚ ɩɿɞɫɬɚɜɿ ɦɟɬɨɞɭ ɞɢɧɚɦɿɤɢ ɫɟɪɟɞɧɿɯ ɞɥɹ ɦɚɪɤɨɜɫɶɤɢɯ ɩɪɨɰɟɫɿɜ ɜɢɡɧɚɱɟɧɨ ɫɟɪɟɞɧɸ ɩɪɨ-
ɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ ɫɢɫɬɟɦɢ ɤɨɧɜɟɽɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɜɭɝɿɥɶɧɢɯ ɲɚɯɬ ɿɡ ɫɚɦɨɩɨɞɿɛɧɨɸ ɞɟɪɟɜɨɜɢɞ-
ɧɨɸ ɫɬɪɭɤɬɭɪɨɸ ɡ ɚɤɭɦɭɥɸɸɱɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɳɨ ɩɪɚɰɸɸɬɶ ɜ ɪɟɠɢɦɿ ɩɿɞɬɪɢɦɤɢ ɜ ɧɢɯ ɨɛ'ɽɦɭ 
ɜɚɧɬɚɠɭ ɜ ɡɚɞɚɧɢɯ ɝɪɚɧɢɰɹɯ. ɉɪɢ ɰɶɨɦɭ ɜɪɚɯɨɜɭɜɚɥɢɫɹ ɩɪɨɫɬɨʀɤɨɧɜɟɽɪɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɿ ɧɟɪɿ-
ɜɧɨɦɿɪɧɿɫɬɶ ɜɚɧɬɚɠɨɩɨɬɨɤɿɜ, ɳɨ ɩɨɫɬɭɩɚɸɬɶ ɡ ɥɚɜ.

ȼɜɟɞɟɧɢɟ. ɋɢɫɬɟɦɚ ɤɨɧɜɟɣɟɪɧɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬ 
ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɪɚɡɜɟɬɜɥɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ. Ɉɬɤɚɡɵ ɤɨɧɜɟɣɟɪɨɜ ɱɚɫɬɨ ɩɪɢɜɨɞɹɬ ɤ 
ɩɪɨɫɬɨɹɦ ɥɚɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɤɨɧ-
ɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ.
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪ-
ɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɧɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬɚɯ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɚɤɤɭɦɭ-
ɥɢɪɭɸɳɢɟ ɛɭɧɤɟɪɵ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɡɚ ɫɱɟɬ ɧɚɤɨɩɥɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɟ ɜɨ ɜɪɟɦɹ ɩɪɨɫɬɨɟɜ ɤɨɧɜɟɣɟɪɨɜ ɭɜɟɥɢɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛ-
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
ɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ (ɜɪɟɦɟɧɧɨɟ ɪɟɡɟɪɜɢɪɨɜɚ-
ɧɢɟ) [1,@
Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɛɭɧɤɟɪɨɜ, ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɝɨɥɶ-
ɧɵɯ ɲɚɯɬ ɧɟɜɵɫɨɤɚɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɡɡɚ ɩɟɪɟɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɨɜ, ɚ ɬɚɤɠɟ ɩɨɬɟ-
ɪɹɦɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɡɡɚ ɧɟɞɨɝɪɭɠɟɧɧɨɫɬɢ ɤɨɧɜɟɣɟɪɨɜ. 
Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɩɨɞɡɟɦɧɨɝɨ 
ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɚɤɤɭɦɭɥɢɪɭɸɳɢ-
ɦɢ ɛɭɧɤɟɪɚɦɢ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɥɟɪɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɚɤɤɭɦɭɥɢɪɭɸɳɟɦ ɛɭɧɤɟɪɟ ɫ 
ɩɨɦɨɳɶɸ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɢɬɚɬɟɥɹ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɨɛɴɟɦ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ 
ɩɪɟɞɟɥɚɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɨɬɤɥɸɱɚɬɶ ɧɚɞɛɭɧɤɟɪɧɭɸ ɤɨɧɜɟɣɟɪɧɭɸ ɥɢɧɢɸ ɢɡɡɚ 
ɩɟɪɟɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ (ɪɢɫ. 1) [3,4]. ɉɪɢɱɟɦ ɜɟɥɢɱɢɧɚ ɷɬɢɯ ɩɪɟɞɟɥɨɜ ɡɚɜɢɫɢɬ ɨɬ 
ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɭɧɤɟɪɚ ɜ ɫɢɫɬɟɦɟ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ, 
ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɧɟɭɩɪɚɜɥɹɟɦɨɦ ɪɟɠɢɦɟ [5].


Ɋɢɫ. 1. ɋɯɟɦɚ ɪɚɛɨɬɵ ɚɤɤɭɦɭɥɢɪɭɸɳɟɝɨ ɛɭɧɤɟɪɚ ɜ ɪɟɠɢɦɟ
ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɟɦ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ

ȼ ɫɬɚɬɶɟ ɧɚ ɨɫɧɨɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 
«ɤɨɧɜɟɣɟɪ –ɛɭɧɤɟɪ –ɤɨɧɜɟɣɟɪ» ɨɩɪɟɞɟɥɟɧɚ ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɫɢɫɬɟɦ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɢ ɩɚɪɚɥɥɟɥɶ-
ɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɛɭɧɤɟɪɨɜ, ɚ ɬɚɤɠɟ ɫɚɦɨɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ 
ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɢɯ 
ɨɛɴɟɦɨɜ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ.
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Ƚɿɪɧɢɱɿ ɦɚɲɢɧɢ ɿ ɝɟɨɬɟɯɧɿɱɧɚ ɦɟɯɚɧɿɤɚ

Ʉɚɤ ɢ ɜ ɪɚɛɨɬɚɯ [5], ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɬɚɤɠɟ ɩɪɢɦɟɧɹɥɫɹ ɦɟɬɨɞ ɞɢɧɚɦɢɤɢ ɫɪɟɞɧɢɯ ɞɥɹ ɦɚɪɤɨɜɫɤɢɯ ɩɪɨ-
ɰɟɫɫɨɜ.
Ɋɚɫɫɦɨɬɪɢɦ ɫɧɚɱɚɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɤɨɧɜɟɣɟɪɨɜ ɢ ɚɤɤɭɦɭ-
ɥɢɪɭɸɳɢɯ ɛɭɧɤɟɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɨɜ ɝɪɭɡɚ ɜ 
ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ (ɪɢɫ. 2).


Ɋɢɫ. 2. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɭɧɤɟɪɨɜ

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɫɪɟɞɧɟɣ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ) ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ 
ɛɭɧɤɟɪɨɜ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɜɨɣɫɬɜɨɦ ɫɚɦɨɩɨɞɨɛɢɹ ɟɟ ɫɬɪɭɤɬɭɪɵ. 
ȼɵɞɟɥɢɦ ɜ ɷɬɨɣ ɫɯɟɦɟ ɫ ɥɟɜɨɝɨ ɤɪɚɹ ɩɪɨɫɬɟɣɲɭɸ ɩɨɞɫɢɫɬɟɦɭ «ɤɨɧɜɟɣɟɪ –
ɛɭɧɤɟɪ –ɤɨɧɜɟɣɟɪ», ɨɛɜɟɞɟɧɧɭɸ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ (ɫɦ. ɪɢɫ. 2). 
ɉɪɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɛɭɧɤɟɪɨɜ ɜ ɫɢɫɬɟɦɟ ɤɨɧɜɟɣɟɪɧɨ-
ɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ 
ɟɫɥɢ ɨɛɴɟɦɵ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɚɯ ɞɨɫɬɢɝɧɭɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
2ɡV , ɬɨ ɩɢɬɚɬɟɥɢ ɨɬɤɥɸɱɚɸɬɫɹ, ɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɦɢɧɢɦɚɥɶɧɵɯ ɡɚɞɚɧɧɵɯ ɨɛɴ-
ɟɦɨɜ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɚɯ 1ɡV ɩɢɬɚɬɟɥɢ ɜɤɥɸɱɚɸɬɫɹ. ɉɪɢ ɷɬɨɦ ɧɚɞɛɭɧɤɟɪɧɚɹ ɤɨɧ-
ɜɟɣɟɪɧɚɹ ɥɢɧɢɹ ɧɟ ɨɬɤɥɸɱɚɟɬɫɹ (ɫɦ. ɪɢɫ. 1).
Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɜɟɥɢɱɢɧɚ ɫɪɟɞɧɟɝɨ ɝɪɭɡɨɩɨɬɨɤɚ 1Qm , ɩɨɫɬɭɩɚɸ-
ɳɟɝɨ ɜ ɛɭɧɤɟɪ, ɦɟɧɶɲɟ ɫɪɟɞɧɟɝɨ ɝɪɭɡɨɩɨɬɨɤɚ 1nQ , ɪɚɡɝɪɭɠɚɟɦɨɝɨ ɢɡ ɛɭɧɤɟɪɚ, 
ɬ.ɟ. 11 nQ Qm  
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɝɪɭɡɨɩɨɬɨɤɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɜɯɨɞ 
ɩɟɪɜɨɝɨ ɧɚɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ, ɪɚɜɧɚ Qm (ɬ/ɦɢɧ), ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɟɣ ɩɪɨɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɧɚɞɛɭɧɤɟɪɧɨɝɨ ɢ ɩɨɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɨɜ 
ɩɟɪɜɨɝɨ ɛɭɧɤɟɪɚ ɪɚɜɧɵ 11,PO (ɦɢɧ) ɢ 22,PO (ɦɢɧ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚɬɟɥɹ ɩɟɪɜɨɝɨ ɛɭɧɤɟɪɚ ɪɚɜɧɚ 1nQ (ɬ/ɦɢɧ), ɨɛɴɟɦ ɝɪɭɡɚ ɜ ɩɟɪɜɨɦ 
ɛɭɧɤɟɪɟ ɪɚɜɟɧ 1max VV   (ɦ), ɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɡɚɞɚɧɧɵɟ ɟɝɨ 
ɨɛɴɟɦɵ ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 122 VVɡ  (ɦ) ɢ 111 VVɡ  (ɦ
ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɢɟ ɝɪɭɡɨɩɨɬɨɤɢ, ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɩɟɪɜɵɣ ɛɭɧɤɟɪ ɢ ɪɚɡɝɪɭ-









1    
ȿɫɥɢ ɩɟɪɜɵɣ ɚɤɤɭɦɭɥɢɪɭɸɳɢɣɛɭɧɤɟɪ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ 
ɧɟɦ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ ɢ ɛɭɧɤɟɪ ɧɟ ɩɟɪɟɩɨɥɧɹɟɬɫɹ, ɬ.ɟ. ɨɛɴɟɦ 
ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɟ ɧɟ ɩɪɟɜɵɲɚɟɬ ɨɛɴɟɦɚ ɛɭɧɤɟɪɚ 1V ɢ ɩɪɢ ɷɬɨɦ ɧɚɞɛɭɧɤɟɪɧɚɹ ɤɨɧ-
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ɜɟɣɟɪɧɚɹ ɥɢɧɢɹ ɧɟ ɨɬɤɥɸɱɟɧɚ, ɬɨ ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ 
ɪɚɜɧɚ 1Qm 
Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɛɭɧ-
ɤɟɪɟ 12V ɩɪɢ ɧɟɪɚɛɨɬɚɸɳɟɦ ɩɨɞɛɭɧɤɟɪɧɨɦ ɤɨɧɜɟɣɟɪɟ ɜɨɡɦɨɠɧɨ ɩɟɪɟɩɨɥɧɟɧɢɟ 
ɛɭɧɤɟɪɚ, ɬ.ɟ. ɞɨɫɬɢɠɟɧɢɟ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɟ, ɪɚɜɧɨɝɨ ɨɛɴɟɦɭ ɛɭɧɤɟɪɚ 1V .
Ɉɛɨɡɧɚɱɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɷɬɨɝɨ ɫɨɛɵɬɢɹ ɱɟɪɟɡ Ɋɫ. Ɍɨɝɞɚ ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨ-
ɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ «ɤɨɧɜɟɣɟɪ –ɛɭɧɤɟɪ –ɤɨɧɜɟɣɟɪ» ɛɭɞɟɬ ɪɚɜɧɚ
11 Qcc mPm        
Ɉɩɪɟɞɟɥɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɩɨɥɧɟɧɢɹ ɚɤɤɭɦɭɥɢɪɭɸɳɟɝɨ ɛɭɧɤɟɪɚ Ɋɫ. ɗɬɚ 
ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɜɧɚ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɫɨɛɵɬɢɣ: ɜɟɪɨ-
ɹɬɧɨɫɬɢ ɩɪɨɫɬɨɹ ɩɨɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ 2P ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ,  ɱɬɨ ɡɚ ɜɪɟɦɹ 
ɡɚɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ ɧɚɞɛɭɧɤɟɪɧɵɦ ɤɨɧɜɟɣɟɪɨɦ ɩɨɞɛɭɧɤɟɪɧɵɣ ɤɨɧɜɟɣɟɪ ɧɟ 
ɧɚɱɧɟɬ ɪɚɛɨɬɚɬɶ.










ȼɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɡɚ ɜɪɟɦɹ 1T (ɦɢɧ) ɩɨɞɛɭɧɤɟɪɧɵɣ ɤɨɧɜɟɣɟɪ ɧɟ 
ɧɚɱɧɟɬ ɪɚɛɨɬɚɬɶ, ɫɨɝɥɚɫɧɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ 
ɟɝɨ ɩɪɨɫɬɨɹ ɪɚɜɧɚ
122
TeP P c      
ȼɪɟɦɹ 1T  ɡɚɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ ɝɪɭɡɨɦ ɞɨ ɨɛɴɟɦɚ 1212 VVV  '  ɧɚɞɛɭɧ-






VT 'U      
ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ ɨ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɨɢɡɜɟɞɟɧɢɣ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɫɨɛɵ-
ɬɢɣ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ ɫP ɪɚɜɧɚ 
22PPPɫ c       















ȼɟɪɨɹɬɧɨɫɬɶ ɧɟɩɟɪɟɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ Ɋɫɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ
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211 Tɫɫ ePP PPO
O  










ɫ eP     
ɉɨɞɫɬɚɜɥɹɹ (8) ɜ (2), ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢ-
ɫɬɟɦɵ «ɤɨɧɜɟɣɟɪ–ɛɭɧɤɟɪ–ɤɨɧɜɟɣɟɪ» ɜ ɫɥɭɱɚɟ ɪɚɛɨɬɵ ɚɤɤɭɦɭɥɢɪɭɸɳɟɝɨ ɛɭɧ-
ɤɟɪɚ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɟ, ɬɨ ɟɫɬɶ ɜ ɬɪɟɬɶ-




















    
Ɏɨɪɦɭɥɚ (7) ɫɨɜɩɚɞɚɟɬ ɫ ɮɨɪɦɭɥɨɣ ɪɚɛɨɬɵ ɏɟɧɥɢ ȿ.ɀ., ɩɨɥɭɱɟɧɧɨɣ ɞɥɹ 
ɩɭɫɬɨɝɨ ɛɭɧɤɟɪɚ ɢ ɩɨɫɬɨɹɧɧɨ ɪɚɛɨɬɚɸɳɟɝɨ ɧɚɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ.
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɞɫɢɫɬɟɦɵ, ɫɨɫɬɨɹ-
ɳɟɣ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɩɟɪɜɨɝɨ ɤɨɧɜɟɣɟɪɚ, ɛɭɧɤɟɪɚ ɢ ɜɬɨɪɨɝɨ 
ɤɨɧɜɟɣɟɪɚ, ɹɜɥɹɸɳɟɣɫɹ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ nɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɛɭɧ-





































O J  1212 VVV  ' 
Ɂɞɟɫɶ 1J ɢ 2J –ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɫɬɨɟɜ ɧɚɞɛɭɧɤɟɪɧɨɝɨ ɢ ɩɨɞɛɭɧɤɟɪɧɨɝɨ 
ɤɨɧɜɟɣɟɪɨɜ ɩɟɪɜɨɝɨ ɛɭɧɤɟɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.
Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ 11 nQ Qm t 
ɉɪɨɜɟɞɹ ɚɧɚɥɨɝɢɱɧɵɟ ɜɵɤɥɚɞɤɢ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ, ɩɨɥɭɱɢɦ ɫɪɟɞɧɸɸ ɩɪɨ-

























    
ɝɞɟ 1111 VVV  ' 
ɉɪɨɞɨɥɠɚɹ ɷɬɨɬ ɩɪɨɰɟɫɫ nɪɚɡ, ɨɩɪɟɞɟɥɢɦ ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɫɢɫɬɟɦɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɛɭɧɤɟɪɨɜ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚ-
ɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ ɝɪɭɡɚ ɩɨ ɪɟɤɭɪɪɟɧɬɧɨɣ ɮɨɪɦɭɥɟ:
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ncc mm        
Ɂɞɟɫɶ icm ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ:

























1     




























1     








































ɫ ii i= 1,2,…,n
Ɂɞɟɫɶ ii PO ,  – ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɧɚɞɛɭɧɤɟɪɧɨɝɨ 
ɤɨɧɜɟɣɟɪɚ iɝɨ ɛɭɧɤɟɪɚ, ɦɢɧ 11,  PO ii –ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜ-
ɥɟɧɢɣ ɩɨɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ iɝɨ ɛɭɧɤɟɪɚ, ɦɢɧ 1, JJ ii  – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɩɪɨɫɬɨɟɜ ɧɚɞɛɭɧɤɟɪɧɨɝɨ ɢ ɩɨɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɨɜ i-ɝɨ ɛɭɧɤɟɪɚ; iɷJ –ɷɤɜɢ-
ɜɚɥɟɧɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɫɬɨɟɜ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ iɩɟɪɜɵɯ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɛɭɧɤɟɪɨɜ ɢ ɤɨɧɜɟɣɟɪɨɜ ɫɢɫɬɟɦɵ; iɫP –ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɞɨ iɝɨ ɛɭɧɤɟɪɚ, ɦɢɧ
ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɨɛɪɚɬɧɚɹ ɜɟɥɢɱɢɧɚ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɨɬ ɫɪɟɞɧɢɯ 
ɜɪɟɦɟɧ ɩɪɨɫɬɨɟɜ ɜɫɟɯ ɤɨɧɜɟɣɟɪɨɜ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɞɨ iɝɨ 
ɛɭɧɤɟɪɚ; Vi–ɨɛɴɟɦ iɝɨ ɛɭɧɤɟɪɚ, ɦ iV1 –ɦɢɧɢɦɚɥɶɧɵɣ ɡɚɞɚɧɧɵɣ ɨɛɴɟɦ ɝɪɭɡɚ 
ɜ iɨɦ ɛɭɧɤɟɪɟ, ɦ iV2 –ɦɚɤɫɢɦɚɥɶɧɵɣ ɡɚɞɚɧɧɵɣ ɨɛɴɟɦ ɝɪɭɡɚ ɜ iɨɦ ɛɭɧɤɟɪɟ, 
ɦn–ɤɨɥɢɱɟɫɬɜɨ ɛɭɧɤɟɪɨɜ ɜ ɫɢɫɬɟɦɟ.
Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ ɩɨɥɧɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨ-
ɟɞɢɧɟɧɢɟɦ ɤɨɧɜɟɣɟɪɨɜ ɢ ɛɭɧɤɟɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧ-
ɧɨɝɨ ɭɪɨɜɧɹ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɟ (ɪɢɫ. 3).

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Ƚɿɪɧɢɱɿ ɦɚɲɢɧɢ ɿ ɝɟɨɬɟɯɧɿɱɧɚ ɦɟɯɚɧɿɤɚ


Ɋɢɫ. 3. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫ ɩɨɥɧɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɛɭɧɤɟɪɨɜ

Ⱦɥɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɫɚɦɨɩɨ-







     
Ɂɞɟɫɶ icm ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ:
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 iii VVV 11  '  iii VVV 22  ' i 
1,2,…,n
Ɂɞɟɫɶ ii PO ,  – ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɧɚɞɛɭɧɤɟɪɧɨɝɨ 
ɤɨɧɜɟɣɟɪɚ iɝɨ ɛɭɧɤɟɪɚ, ɦɢɧ ii 00 ,PO –ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜ-
ɥɟɧɢɣ ɩɨɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ iɝɨ ɛɭɧɤɟɪɚ, ɦɢɧ iJ  i0J  – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɩɪɨɫɬɨɟɜ ɧɚɞɛɭɧɤɟɪɧɨɝɨ ɢ ɩɨɞɛɭɧɤɟɪɧɨɝɨ ɤɨɧɜɟɣɟɪɨɜ; n – ɤɨɥɢɱɟɫɬɜɨ ɜɟɬɜɟɣ 
(ɛɭɧɤɟɪɨɜ) ɜ ɫɢɫɬɟɦɟ. 
Ⱦɥɹ ɧɟɩɨɥɧɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɭɧɤɟɪɨɜ (ɪɢɫ. 4) ɫɪɟɞɧɟɟ ɡɧɚɱɟ-
ɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɚɤɠɟ ɩɨ ɮɨɪɦɭɥɚɦ (15) ɢ (17), ɜ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɜɚɪɢɣɧɨ-
ɫɬɢ i0J  ɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ i0P  ɧɚɞɛɭɧɤɟɪɧɵɯ ɤɨɧɜɟɣɟɪɨɜ 
ɡɚɦɟɧɹɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɜɚɪɢɣɧɨɫɬɢ 0J  ɢ ɩɚɪɚɦɟɬɪɚ ɩɨɬɨɤɚ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 0P ɫɛɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ( 00 J J i  00 P P i i= 1,2,…,n

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Mining Machinery and Geotechnical Mechanics 


Ɋɢɫ. 4. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫ ɧɟɩɨɥɧɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɛɭɧɤɟɪɨɜ

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɞɪɟɜɨɜɢɞɧɨɣ ɫɚɦɨɩɨɞɨɛɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜ-
ɧɹ ɝɪɭɡɚ (ɪɢɫ. 5).


Ɋɢɫ. 5. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɚɦɨɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɫɨɟɞɢɧɟɧɢɹ ɛɭɧɤɟɪɨɜ

ɂɫɩɨɥɶɡɭɹ ɫɚɦɨɩɨɞɨɛɢɟ [5], ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɷɬɨɣ ɫɢ-
ɫɬɟɦɵ ɦɨɠɧɨ  ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɪɟɤɭɪɪɟɧɬɧɨɣ ɮɨɪɦɭɥɟ
ncc mm        
Ɂɞɟɫɶ icm ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ:
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Ɂɞɟɫɶ )()( , ɫiɫi PO  – ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɤɨɧɜɟɣɟɪɨɜ 
ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ(ɦɢɧ )(ɫiJ –ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɫɬɨɟɜ ɤɨɧɜɟɣɟɪɨɜ ɫɬɜɨɥɨɜɨɝɨ 
ɩɭɬɢ; )(ɫɫiP  – ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ ɞɨ iɝɨ ɛɭɧɤɟɪɚ, ɦɢɧɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɨɛɪɚɬɧɚɹ 
ɜɟɥɢɱɢɧɚ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɨɬ ɫɪɟɞɧɢɯ ɜɪɟɦɟɧ ɩɪɨɫɬɨɟɜ ɜɫɟɯ ɤɨɧɜɟɣɟ-
ɪɨɜ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɞɨ iɝɨ ɛɭɧɤɟɪɚ ɫɬɜɨɥɨ-
ɜɨɝɨ ɩɭɬɢ; )(ɫiV –ɨɛɴɟɦɵ ɛɭɧɤɟɪɨɜ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɦ )(1 ciV –ɦɢɧɢɦɚɥɶɧɵɟ 
ɡɚɞɚɧɧɵɟ ɨɛɴɟɦɵ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɚɯ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɦ )(2ciV –ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɡɚɞɚɧɧɵɟ ɨɛɴɟɦɵ ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɚɯ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɦ )(ɡɷiJ –ɷɤɜɢɜɚɥɟɧɬɧɵɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɜɚɪɢɣɧɨɫɬɢ ɡɚɛɨɣɧɵɯ ɩɭɬɟɣ; )(ɫniQ –ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚ-
ɬɟɥɟɣ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɬ/ɦɢɧ; n–ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɨɣɧɵɯ ɩɭɬɟɣ (ɥɚɜ).
ɗɮɮɟɤɬɢɜɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɫɬɨɟɜ ɡɚɛɨɣɧɵɯ ɩɭɬɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ:
1)(












ɷ J J i= 1,2,…,n
ɝɞɟ )(ɡcim –ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ iɝɨ ɡɚɛɨɣɧɨɝɨ ɩɭɬɢ (ɬ/ɦɢɧ), ɤɨɬɨ-
ɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɤɚɤ ɢ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟ-





mm  ɩɪɢ  j= )(ɡik 
Ɂɞɟɫɶ )(ɡcijm ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ:
ɩɪɢ ii nQ Qm t 
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m J i= 1,2,…,nj=1,2,…,
)(ɡ
ik 





m  –ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɪɟɞɧɢɟ ɩɪɨɩɭɫɤɧɵɟ ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟ-
ɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ jɩɟɪɜɵɯ ɢ (j-1) ɩɟɪɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɛɭɧɤɟ-
ɪɨɜ ɢ ɤɨɧɜɟɣɟɪɨɜ i-ɝɨ ɡɚɛɨɣɧɨɝɨ ɩɭɬɢ, ɬ/ɦɢɧ; )()( , ɡijɡij PO –ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨ-
ɫɬɨɟɜ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɣ ɤɨɧɜɟɣɟɪɨɜ ɡɚɛɨɣɧɵɯɩɭɬɟɣ, ɦɢɧ )(ɡijJ –ɤɨɷɮɮɢɰɢɟɧ-
ɬɵ ɩɪɨɫɬɨɟɜ ɤɨɧɜɟɣɟɪɨɜ ɡɚɛɨɣɧɵɯ ɩɭɬɟɣ; )(ɡɷijJ –ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɩɪɨɫɬɨɟɜ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ jɩɟɪɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɛɭɧɤɟ-
ɪɨɜ ɢ ɤɨɧɜɟɣɟɪɨɜ iɝɨ ɡɚɛɨɣɧɨɝɨ ɩɭɬɢ; )(ɡijV –ɨɛɴɟɦ jɝɨ ɛɭɧɤɟɪɚ iɝɨɡɚɛɨɣɧɨɝɨ 
ɩɭɬɢ, ɦ )(1 ɡijV  )(2 ɡijV –ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɡɚɞɚɧɧɵɟ ɨɛɴɟɦɵ ɝɪɭɡɚ ɜ 
jɨɦ ɛɭɧɤɟɪɟ iɝɨ ɡɚɛɨɣɧɨɝɨ ɩɭɬɢ, ɦ )(ɡik –ɤɨɥɢɱɟɫɬɜɨ ɛɭɧɤɟɪɨɜ ɜ iɨɦɡɚɛɨɣ-
ɧɨɦ ɩɭɬɢ; n–ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɨɣɧɵɯ ɩɭɬɟɣ.
ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫɚɦɨɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚ-
ɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɨɜ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ. 
Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɫɢɫɬɟɦɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫɚɦɨ-
ɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ ɫɬɜɨɥɨɜɨɝɨ 
ɩɭɬɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟ-
ɞɟɥɚɯ, ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɛɭɧɤɟɪɨɜ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ ɦɚɥɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɜɟ-
ɥɢɱɢɧɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɚ-
217
Ƚɿɪɧɢɱɿ ɦɚɲɢɧɢ ɿ ɝɟɨɬɟɯɧɿɱɧɚ ɦɟɯɚɧɿɤɚ





ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ
ɫɢɫɬɟɦɵɤɨɧɜɟɣɟɪɧɨɝɨ  ɬɪɚɧɫɩɨɪɬɚ ɫɚɦɨɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɚɤ-
ɤɭɦɭɥɢɪɭɸɳɢɦɢɛɭɧɤɟɪɚɦɢ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɭɩɪɚɜɥɹɟɦɨɦ ɪɟ-
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
ȼɵɜɨɞɵ.ɇɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɦɚɪɤɨɜɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɦɚɬɢ-
ɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɩɪɨɰɟɫɫ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ «ɤɨɧɜɟɣɟɪ –
ɛɭɧɤɟɪ –ɤɨɧɜɟɣɟɪ» ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦ ɛɭɧɤɟɪɨɦ, ɪɚɛɨɬɚɸɳɢɦ ɜ ɪɟɠɢɦɟ ɩɨɞ-
ɞɟɪɠɚɧɢɹ ɜ ɧɟɦ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɥɢɫɶ ɩɪɨ-
ɫɬɨɢ ɤɨɧɜɟɣɟɪɨɜ ɩɨ ɚɜɚɪɢɣɧɵɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɩɪɢɱɢ-
ɧɚɦ.
ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɞɢɧɚɦɢɤɢ ɫɪɟɞɧɢɯ ɞɥɹ ɦɚɪɤɨɜɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɩɨ-
ɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɫɬɟɣɲɟɣ ɫɢɫɬɟɦɵ 
«ɤɨɧɜɟɣɟɪ –ɛɭɧɤɟɪ –ɤɨɧɜɟɣɟɪ» ɨɩɪɟɞɟɥɟɧɚ ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɫɢɫɬɟɦ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɢ ɩɚɪɚɥɥɟɥɶ-
ɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɛɭɧɤɟɪɨɜ, ɚ ɬɚɤɠɟ ɫ ɫɚɦɨɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ 
ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɢɯ 
ɨɛɴɟɦɨɜ ɝɪɭɡɚɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ.
ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɫɢɫɬɟɦ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪ-
ɬɚ ɫɚɦɨɩɨɞɨɛɧɨɣ ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ 
ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɨɜ ɝɪɭɡɚ ɜ 
ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ, ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɛɭɧɤɟɪɨɜ ɫɬɜɨɥɨɜɨɝɨ ɩɭɬɢ ɦɚɥɨ ɫɤɚɡɵ-
ɜɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɚ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɡɚɞɚɧɧɵɯ ɨɛɴɟɦɨɜ ɝɪɭɡɨɜ ɜ ɛɭɧɤɟɪɚɯ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣ-
ɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.
Ʉɪɨɦɟ ɬɨɝɨ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ 
ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɜ 
ɧɢɯ ɨɛɴɟɦɨɜ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ, ɛɨɥɶɲɟ ɧɚ 15% ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ 
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7KHPHWKRGRORJ\7R VROYH WKHSUREOHPZHXVHG WKHPHWKRGRI WKHG\QDPLFVRI WKHPHGLD IRU
0DUNRYSURFHVVHVZKLFKPDNHVLWSRVVLEOHWRGHWHUPLQHLWVDYHUDJHWUDQVPLVVLRQFDSDFLW\$WWKH
VDPHWLPHRQWKHEDVLVRIWKHWKHRU\RI0DUNRYSURFHVVHVZLWKDWZRSKDVHVWDWHDPDWKHPDWLFDO
PRGHO RI WKH SURFHVV RI IXQFWLRQLQJ RI WKH VLPSOHVW FRQYH\RU EHOW V\VWHP FRQYH\RUEXQNHU
FRQYH\RUZDVGHYHORSHGDQGEDVHGRQLWWKHDYHUDJHWKURXJKSXWRIWKLVV\VWHPZDVGHWHUPLQHG
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Keywords: conveyor transport system, process of functioning, self-similar structure, accumulat-
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